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VIRTUAL OUTPUT QUEUING 
CONTROLLING DEVICE, INPUT 

BUFFERING SWITCH, CONTROLLING 
METHOD THEREOF, AND COMPUTER 
PROGRAM AND RECORDING MEDIUM 

EMBODYING SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to an input buffering switch 
for use in a packet switching system, more particularly to a 
virtual output queuing (VOQ) in the input buffering switch. 

In a recent packet switching system, so as to realiZe a 
high-speed and hi gh-capacity switch, sometimes is employed 
an input buffering switch having N kinds of input and N kinds 
of output (N is a natural number, hereinafter, likewise), and 
yet having N virtual output queuing (V OQ). 

FIG. 9 is a block diagram illustrating a con?guration of a 
conventional input buffering type packet switch using the 
virtual output queuing (VOQ). 
As shown in the same drawing, a packet switch 100 com 

prises ?rst to N-th input interface sections 101-1 to 101-N that 
input data, ?rst to N-th output interface sections 102-1 to 
102-N that output data, a data switching element 103 that 
makes switching for data input from the input interface sec 
tions 101-1 to 101-N to transfer it to the output interface 
sections 102-1 to 102-N, and a switch scheduler 104 that 
controls the data switching element 103. 

Each of the ?rst to the N-th input interface sections 101-1 
to 101-N comprises a destination address resolution and for 
warding engine section (PE) 105, a packet assembly and 
disassembly section (PAD) 106, and a virtual output queuing 
(VOQ) 107. 
The destination address resolution and forwarding engine 

section 105 makes solution for a destination of a packet sent 
from a transmission line and a class to which it belongs. 

The packet assembly and disassembly section (PAD) 106 
splits the packet into cells with a ?xed siZe. In this packet 
switch 100, a bandwidth of the transmission line and the 
switch within a device is managed by cell unit. 
Assume that the class number, which is handled in the 

packet switching system, is K, the virtual output queuing 
(VOQ) 107 has K><N kinds of output, and logical queues that 
corresponded to each class. Each cell disassembled in the 
packet assembly and disassembly section (PAD) 106 is stored 
in a buffer within the virtual output queuing (VOQ) 107 
responding to the destination or the class. 

The data switching element 103 is con?gured of N><N cross 
point switches. 

Based on information obtained from the ?rst to N-th input 
interface sections 101-1 to 101-N, the switch scheduler 104 
meditates cell transfer request of these ?rst to N-th input 
interface sections 101-1 to 101-N, and gives cell transfer 
permission to respective virtual output queuings (VOQS) 
107. 

Also, the switch scheduler 104 was adapted so that, by 
controlling the data switching element 103, the cells output 
from the virtual output queuing (VOQ) 107 are switched over 
to the corresponding destination out of the output interface 
sections 102-1 to 102-N. 
At this moment, C cells (C is a natural number) are trans 

ferred within the switch as one unit. C is a ?xed value that is 
decided responding to a system. In this speci?cation, this one 
unit’s cell is referred to as a super cell. 

Each of the ?rst to N-th output interface sections 102-1 to 
102-N was con?gured of a virtual input queue (VIQ) 108 and 
a packet assembly section (PAD) 109. 
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2 
The virtual input queue (V IQ) 108 also includes KN kinds 

of output, and logical queues that corresponded to each class. 
The super cells sent from the data switching element 103 

are stored in the virtual input queue (VIQ) 108, which corre 
sponds to a input interface number and a class number of a 
sending end, out of the virtual input queues (V IQs) 108 within 
the ?rst to N-th output interface sections 102-1 to 102-N, and 
are returned to an original packet by the packet assembly 
section (PAD) 109. 

Hereinafter, the packets are output to the transmission line. 
FIG. 10 is a block diagram illustrating a con?guration of 

the virtual output queuing (V OQ) 107. 
The virtual output queuing (VOQ) 107 comprises a VOQ 

buffer 120 and a VOQ controlling section 130. 
The VOQ buffer 120 comprises ?rst to N-th buffers by 

output ports 121-1 to 121-N. Assume that the class number, 
which is handled in the packet switching system, is K, the ?rst 
to N-th buffers by output ports 121-1 to 121-N have logical 
queues that corresponded to the K classes. 
The VOQ controlling section 130 was con?gured of a 

destination information allocation section 131 and ?rst to 
N-th VOQ controlling sections by output ports 132-1 to 132 
N. 

Based on destination/class information 133 that is noti?ed 
from the destination address resolution and forwarding 
engine section (PE) 105, the VOQ controlling section 130 
takes write control for a cell 125 that is sent from the packet 
assembly and disassembly section (PAD) 106. 

Also, the VOQ controlling section 130 issues to the switch 
scheduler 104 connection request 136 of the data switching 
element 103 for switching the super cell, and further receives 
connection permission 137 that results from the connection 
request meditated in the switch scheduler 104 to control the 
read-out of the cell and the transfer of the super cell to the data 
switching element 103. 
Based on the destination/class information 133 that is noti 

?ed from the destination address resolution and forwarding 
engine section (PE) 105, the destination information alloca 
tion section 131 generates cell write controlling information 
134, noti?es it to the ?rst to N-th buffers by output ports 121 -1 
to 121-N, and takes write control for the cell 125 that is sent 
from the packet assembly and disassembly section (PAD) 
106. 
Based on the destination/ class information 133, the desti 

nation information allocation section 131 noti?es class infor 
mation 135 to the VOQ controlling section by output ports 
132-j (jIl, 2, 3, - - - , n) of the corresponding destination. 
The ?rst to N-th VOQ controlling sections by output ports 

132-1 to 132-N manage the received class information 135, 
generate the connection request 136 to notify it to the switch 
scheduler 104, simultaneously receive the connection per 
mission 137 that results from the connection request medi 
tated in the switch scheduler 104, generate cell read-out con 
trolling information 138, and notify it to the ?rst to N-th 
buffers by output ports 121-1 to 121-N. 

According to the cell write controlling information 134 
sent from the destination information allocation section 131, 
the ?rst to N-th buffers by output ports 121-1 to 121-N accu 
mulate the cells 125 that are sent from the packet assembly 
and disassembly section (PAD) 106. 

Also, the ?rst to N-th buffers by output ports 121-1 to 
121-N read out the cells based on the cell read-out controlling 
information 138, and constructs super cells 126, and sends 
them to the data switching element 103. 

The virtual input queue (VIQ) 108 also has a similar con 
?guration to that of the virtual output queuing (VOQ) 107. 
The virtual input queue (VIQ) 108 has logical queues of each 
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sending end/class instead of each destination/class in the 
virtual output queuing (VOQ) 107. 

The packet sWitch 100 quantiZes operating time Within an 
interface With the cell taken as the unit. This quantization unit 
is referred to as a time slot. The transfer Within a crossbar 
sWitch is carried out With the super cell consisting of C cells. 
A sWitching period at this moment operates C times of the 
time slot. 

In the recent packet sWitching system, is often used a 
sWitch With N kinds of input and N kinds of output like the 
input buffering packet sWitch 100 as shoWn in FIG. 9. Further, 
so as to transferpacket tra?ics having different tra?ic require 
ment conditions (a delay guarantee, a bandwidth guarantee, 
and a best effort) Within the sWitch according to these condi 
tions, the class is de?ned by tra?ic requirement conditions, 
and priority control is often taken among the classes. 

For this end, a VOQ controlling function of meditating the 
cell transfer request that is issued from each logical queue to 
generate the connection request to the data sWitching element 
103, and the sWitch scheduler 104, Which meditates the con 
nection request to the data sWitching element 103 to take 
control of the connection of cross point sWitches, become 
necessary. 

In particular, in the event that the usage bandWidth is guar 
anteed as the class unit and that the free bandWidth exists 
Within the transmission line and the device, realiZation of a 
service for utiliZing the free bandWidth fairly among classes, 
Which hope to utiliZe it, has been required. This service is 
referred to as a minimum bandWidth guarantee-type service. 
Realization of a VOQ controlling function With Which this 
service is realiZed has been requested. 
A conventional example of the VOQ controlling section by 

output ports 132 having the VOQ controlling function With 
Which such a minimum bandWidth guarantee-type service 
Was realiZed is illustrated in FIG. 11. 

The VOQ controlling section by output ports 132 is con 
?gured of a class information allocation section 141, ?rst to 
K-th class bandWidth management sections 142-1 to 142-K, a 
connection request generation section 143, and a super cell 
read-out controlling section 144. 

Each of the ?rst to K-th class bandWidth management 
sections 142-1 to 142-K Was con?gured of a bandWidth con 
formance determination unit 145, a conforming cell counter 
146, and a non-conforming cell counter 147. 
The connection request generation section 143 Was con 

?gured of a total conforming cell number counter 148 and a 
total no-conforming cell number counter 149. 

In the class information allocation section 141, the class 
information 135 of each class sent from the destination 
address resolution and forWarding engine section (PE) 105 is 
allocated to one certain class bandWidth management section 
142-j (1:1, 2, 3, - - - , k) that is decided by this information. 

Based on the received class information 135, the ?rst to 
K-th class bandWidth management sections 142-1 to 142-K 
determine conformance or non-conformance for each cell by 
the bandWidth conformance determination unit 145. 

Also, the ?rst to K-th class bandWidth management sec 
tions 142-1 to 142-K measure the conforming cell number 
Vijk and the non-conforming cell number Wijk in the con 
forming cell counter 146 and the non-conforming cell counter 
147. 

In the bandWidth conformance determination unit 145 are 
managed a remaining credit Cijk of a guarantee bandWidth 
portion, a credit Zijk that is given time slot by time slot, and 
a time tijk that the destination/class, Which corresponded to 
the previous time, arrived. 
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4 
The bandWidth conformance determination unit 145 deter 

mines conformance or non-conformance of the cell respond 
ing to siZe of the remaining credit Cijk. 

In the connection request generation section 143, the total 
conforming cell number counter 148 and the total non-con 
forming cell number counter 149 measure the total conform 
ing cell numberVij and the total non-conforming cell number 
Wij sent from each class. 
The connection request generation section 143 generates 

the connection request 136 to the sWitch scheduler 104 from 
the total conforming cell number Vij and the total non-con 
forming cell number Wij sent from each class. The generation 
interval of the connection request 136 becomes each C time 
slot. 
When the super cell read-out controlling section 144 

received the connection permission 137 from the sWitch 
scheduler 104, it decides Which cells are to be read out based 
on the status of the conforming cell counter 146 and the 
non-conforming cell counter 147 of each class, and noti?es 
them as the cell read-out controlling information 138 to the 
VOQ buffer 120. 

Hereinafter, an operation of the conventional input buffer 
ing packet sWitch 100 shoWn in FIG. 9, FIG. 10, and FIG. 11 
Will be explained, referring to ?oWcharts. 

At ?rst, a connection request generation operation at the 
moment of arrival of the cell Will be explained. 

FIG. 12 is a ?owchart illustrating operations time slot by 
time slot of the destination information allocation section 131 
at the moment of arrival of the information by classes shoWn 
in FIG. 10, the class information allocation section 141 shoWn 
in FIG. 11, the ?rst to K-th class bandWidth management 
sections 142-1 to 142-K, and the connection request genera 
tion section 143. 

Hereinafter, an operation at the moment of having received 
the information by destinations/classes of each cell Will be 
explained, referring to FIG. 12. 
When the information by destinations/classes 133 is 

received (step A1), a destination (j) and a class (K) are 
decided in the destination information allocation section 131 
and the class information allocation section 141 (step A2). 

In the class bandWidth management section 142-j (1:1, 2, 
3, - - - , k) of the selected destination/class is updated the 

remaining credit Cijk (step A3). 
Herein, in the event that the remaining credit Cijk is one or 

more (Cijkil) (YES at step A4), the cell is determined to be 
“conforming” to perform addition of the conforming cell 
counter 146, subtraction of a credit counter, and addition of 
the total conforming cell number counter 148 (step A5). 

In this stage, in the event that the total conforming cell 
number count value (Vij) is C or more (YES at step A6), the 
connection request 136 With priority 1 is noti?ed to the sWitch 
scheduler 104 (step A7), and the operation is ?nished by 
subtracting only C, Which is an already-noti?ed portion, from 
the total conforming cell number count value (V ij)(step A8). 

In the event that the total conforming cell number count 
value (Vij) is beloW C (N O at step A6), the operation is 
?nished Without executing the subsequent processes, that is, 
the steps A7 and A8. 
On the other hand, in the event that the remaining credit 

Cijk is beloW one (Cijk<l) (NO at step A4), the cell is deter 
mined to be “non-conforming” to perform addition of the 
non-conforming cell counter 147, and addition of the total 
non-conforming cell number counter 149 (step A9). 

In this stage, in the event that the total non-conforming cell 
number count value (Wij) is C or more (YES at step A10), the 
connection request 136 With priority 2 is noti?ed to the sWitch 
scheduler 104 (step A11), and only C, Which is an already 
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noti?ed portion, is subtracted from the total non-conforming 
cell number count value (Wij)(step A12). 

In the event that the total non-conforming cell number 
count value (Wij) is beloW C (NO at step A10), the operation 
is ?nished Without executing the subsequent processes, that 
is, the steps A11 and A12. 

Next, a QoS (Quality of Service) class selection operation 
for constructing the super cell for transfer at the moment of 
receiving the connection permission Will be explained. 

FIG. 13 is a ?owchart illustrating an operation of the super 
cell read-out controlling section 144. 

Hereinafter, an operation at the moment of receiving the 
connectionpermission Will be explained, referring to FIG. 13. 
When the connection permission is received (step D1), the 

number n of a send cell selection process is taken as 0 (Zero) 
(step D2). In the event that the number n of the send cell 
selection process is beloW C (n<C)(YES at step D3), the send 
cell selection process is activated one time (step D4), one is 
added to n (step D5), and Watch and Wait are kept for one cell 
time (step D6). 

At the moment that the send cell selection process Was 
activated C times (NO at step D3), the operation of the super 
cell read-out controlling section 144 ?nishes. 

The order in the send cell selection process is (1) selection 
from the conforming cell side, and (2) selection from the 
non-conforming cell side. 

In the event that the conforming cell Was counted in any 
class (When anyone of l ZkZK conforming cell counters Vijk 
is 0 (Zero) or more ) (YES at step E1), the class is selected 
from the classes (V1jk>0), in Which the conforming cell 
exists, by means of the round robin algorithm (step E2). 
One is subtracted from the conforming cell count of the 

selected class (step E3). 
In the event that the conforming cell Was not counted in any 

class (NO at step E1), it is determined Whether or not the 
non-conforming cell Was counted in any class (step E4). 

In the event that the non-conforming cell Was counted in 
any class (When anyone of lZkZK non-conforming cell 
counters Wijk is 0 (Zero) or more) (YES at step E4), the class 
is selected from the classes (Wijk>0), in Which the non 
conforming cell exists, by means of the round robin algorithm 
(step E5). 
One is subtracted from the non-conforming cell count of 

the selected class (step E6). 
In the event that the non-conforming cell Was not counted 

in any class (NO at step E4), the cells to be read out do not 
exist, Whereby it is noti?ed that the cells to be read out do not 
exist (step E7). 

In the event of employing the VOQ management technique 
explained above to con?gure the input buffering packet 
sWitch using the virtual output queuing (V OQ), a function 
necessary for the sWitch scheduler 104 is to reply to the VOQ 
controlling section 130 With the connection permission (in 
formation quantity: N) betWeen the input port and the output 
port from the connection request With a tWo-stage priority 
(information quantity: 2*N2) betWeen the input port and the 
output port. 

Information of the QoS class is unnecessary for connection 
request information. This is because priority information Was 
decided from the traf?cs of each QoS class in the VOQ con 
trolling section 130. 

Information of the priority is unnecessary for connection 
permission information. This is because selection Was made 
of the cells of the QoS class to be transferred to the data 
sWitching element 103 in the VOQ controlling section 130 
side. 
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6 
The QoS support method of this technique is a method of 

having a class based queuing (CBQ) as a basis, hoWever it 
differs in a certain important point from the class based queu 
ing (CBQ). 

This is the point that this packet sWitch, Which is arranged 
Within a network, runs a conformance check on each traf?c 
class. 

This packet sWitch realiZed a guarantee of the bandWidth 
With What is refereed to as “a credit”. The cell having the 
credit is refereed to as a “conforming” cell, and the cell not 
having the credit is refereed to as a “non-conforming” cell. 
Schematically, the traf?c, Which did not use the assigned 
bandWidth up, results in being mentioned as “conformance”. 

The important point of this technique is that the non-con 
forming tra?ic is not abandWidthoned simply but is alloWed 
to pass as long as it does not compete With the conforming 
traf?c. 

Also, the characteristic point is the point that a plurality (K 
kinds) of the classes are handled in the input interface/ output 
interface side, Whereas tWo kinds of priority information are 
noti?ed to the sWitch scheduler side. If the sWitch scheduler 
104 can take priority control With tWo priorities, it is enough. 
Even though the class number (K), Which is handled in this 
packet sWitching system, is increased, a complexity degree of 
the sWitch scheduler 104 does not change. 

In accordance With the conventional packet sWitch 
described above, the “minimum bandWidth guarantee-type 
service”, in Which the minimum bandWidth is guaranteed and 
the free bandWidth is fairly utiliZed among the classes that 
hope to utiliZe it, can be realiZed. 

In the conventional packet sWitch described above, hoW 
ever, it is impossible to simultaneously realiZe a CBR (Con 
stant Bit Rate) service, Which is required to simultaneously 
guarantee the bandWidth and the delay, and the minimum 
bandWidth guarantee-type service. There are tWo points as to 
the reason. The ?rst reason is because of competition among 
the input interfaces, and second reason is because of compe 
tition among classes Within the input interface. Hereinafter, 
these tWo reasons Will be explained. 
The ?rst reason is that, even though the CBR tra?ic Was 

assigned to a certain class, and the connection request With a 
high priority Was sent to the sWitch scheduler, there is the 
possibility that it might be blocked by the connection request 
With a high priority of the tra?ic of the class of the minimum 
bandWidth guarantee-type service, Which is input from the 
other input interface. The sWitch scheduler can vieW only tWo 
kinds of priorities, high/loW, Whereby it is impossible to make 
such discriminating assignment that is advantageous to the 
CBR tra?ic. 
The second reason originates in the fact that the readout 

control is taken by means of the round robin algorithm among 
the classes Within the input interface. For this end, it is impos 
sible to make such discriminating assignment that is advan 
tageous to the CBR tra?ic. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished so as to settle 
the points described above, and an objectivity thereof is to 
provide a VOQ controlling device that provides the CBR 
service together With the minimum bandWidth guarantee 
type service in the input buffering sWitch With the VOQ 
technique. 

Also, it is an objectivity to provide the input buffering 
sWitch With the VOQ technique having such a VOQ control 
ling device. 
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So as to accomplish these objectivities, the present inven 
tion provides, a virtual output queuing controlling device 
comprising: a class information allocation section; a CBR 
class bandwidth management section; K class bandWidth 
management sections (K is a positive integral that is one or 
more); a connection request generation section; and a cell 
read-out controlling section, Wherein said class information 
allocation section allocates received class information of each 
cell to one class bandWidth management section of said class 
bandwidth management sections, and Wherein said CBR 
class bandWidth management section measures the cell num 
ber of a CBR class, and Wherein, based on the received class 
information, said class bandWidth management sections 
determine conformance or non-conformance cell by cell, and 
measure the conforming cell number or non-conforming cell 
number by classes, and Wherein, based on the cell number of 
said CBR class, the total conforming cell number of each 
class, and the total non-conforming cell number of each class, 
said connection request generation section generates connec 
tion request to a sWitch scheduler, and Wherein said cell 
readout controlling section is a section that, based on the 
conforming cell number and the non-conforming cell number 
of said CBR class bandWidth management section and each 
of said class bandWidth management sections, decides Which 
cells are to be read out When connection permission Was 
received from said sWitch scheduler. 

The virtual output queuing controlling device relating to 
this claim comprising a specialized class for a CBR tra?ic 
(CBR class) is characterized in that connection request noti 
?cation of the CBR class is made for the sWitch scheduler. In 
particular, it is characterized in that a priority of the connec 
tion request for all CBR traf?cs is established more highly 
than the high-priority connection request for the other normal 
classes. 

Speci?cally, the virtual output queuing controlling device 
relating to this claim Was provided With a class bandWidth 
management section of the specialized class for the CBR 
tra?ic and a counter for connection request generation for the 
specialized class for the CBR traf?c Within a connection 
request generation section, as shoWn in a con?guration and an 
operation (FIG. 1 and FIG. 2) of a virtual output queuing 
controlling section by output ports relating to a ?rst embodi 
ment to be described later. All CBR traf?cs are handled as 
conforming cells. 

In this event, it is necessary that the sWitch scheduler can 
take three-stage priority control. 

Also, the virtual output queuing controlling device relating 
to this claim is characterized by: being providing With the 
specialized class for a CBR tra?ic; and reading out the cells of 
the CBR class as a ?rst priority at the moment of receiving the 
connection permission. 

Speci?cally, as shoWn in a class selection algorithm (FIG. 
3) in the super cell read-out controlling section of the virtual 
output queuing controlling section by output ports relating to 
the ?rst embodiment, a ?rst priority Was given to selection of 
the cells from the CBR class. 
As a result of having combined the con?guration and the 

operation (FIG. 1 and FIG. 2) of the virtual output queuing 
controlling section by output ports relating to the ?rst 
embodiment to be described later, and the class selection 
algorithm (FIG. 3) in the super cell read-out controlling sec 
tion, a process priority of the CBR tra?ic (sWitch connection 
and cell selection) is positioned at a highest rank in the 
entirety of the sWitch system. The effect is obtained: While 
bandWidth guarantee is made for the CBR tra?ic, transfer 
process time becomes shortest among all classes Within the 
system. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Also, the present invention provides, a virtual output queu 

ing controlling device comprising: 
a class information allocation section; a CBR class band 

Width management section; K class bandWidth management 
sections (K is a positive integral that is one or more); a 
connection request generation section; and a cell read-out 
controlling section, Wherein said class information allocation 
section allocates received class information of each cell to 
one class bandWidth management section out of said class 
bandWidth management sections, and Wherein said CBR 
class bandWidth management section measures the cell num 
ber of a CBR class, and Wherein, based on the received class 
information, said class bandWidth management sections 
determine conformance or non-conformance cell by cell and 
measure the conforming cell number or non-conforming cell 
number by classes, and Wherein, based on the total conform 
ing cell number in said CBR class bandWidth management 
section and each of said class bandWidth management sec 
tions, and the total non-conforming cell number of each class, 
said connection request generation section generates connec 
tion request to a sWitch scheduler, and Wherein, based on the 
conforming cell number and the non-conforming cell number 
of said CBR class bandWidth management section and each 
of said class bandWidth management sections, said cell read 
out controlling section decides Which cells are to be read out 
When connection permission Was received from said sWitch 
scheduler. 
The virtual output queuing controlling device relating to 

this claim is characterized by being provided With the spe 
cialized class for the CBR tra?ic to make the cell number 
measurement, and to notify to the sWitch scheduler the con 
nection request of the traf?cs of the CBR class as high 
priority connection request. 
The virtual output queuing controlling device relating to 

this claim Was provided With a class bandWidth management 
section of the specialized class for the CBR tra?ic, as shoWn 
in a con?guration and an operation (FIG. 4 and FIG. 5) of a 
virtual output queuing controlling section by output ports 
relating to a second embodiment to be described later. All 
CBR traf?cs are handled as conforming cells and counted in 
a total conforming cell number counter Within the connection 
request generation section. 

In this event, if the sWitch scheduler can take tWo-stage 
priority control, it is enough. 
As a result of having combined the con?guration and the 

operation (FIG. 4 and FIG. 5) of the virtual output queuing 
controlling section by output ports relating to the second 
embodiment to be described later, and the class selection 
algorithm (FIG. 3) in the super cell read-out controlling sec 
tion, a selection priority of the CBR tra?ic cell Within the 
input interface section becomes high. The effect is obtained: 
While bandWidth guarantee is made for the CBR traf?c, 
transfer process time becomes shortest among the classes 
Within the input interface section. 

Also, the present invention provides, a virtual output queu 
ing controlling device comprising: a class information allo 
cation section; a CBR class bandWidth management section; 
K class bandWidth management sections (K is a positive 
integral that is one or more); a connection request generation 
section; and a cell read-out controlling section, Wherein said 
class information allocation section allocates received class 
information of each cell to one class bandWidth management 
section out of said class bandWidth management sections, and 
Wherein said CBR class bandWidth management section mea 
sures the cell number of a CBR class, and Wherein, based on 
the received class information, said class bandWidth manage 
ment sections determine conformance or non-conformance 
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cell by cell, and measure the conforming cell number or 
non-conforming cell number by classes, and Wherein, based 
on the total number of the conforming cell and the total 
number of the non-conforming cell of each class including 
said CBR class, said connection request generation section 
generates connection request to a sWitch scheduler, and 
Wherein said cell read-out controlling section is a section that, 
based on the conforming cell number and the non-conform 
ing cell number of said CBR class bandWidth management 
section and each of said class bandWidth management sec 
tions, decides Which cells are to be read out When connection 
permission Was received from said sWitch scheduler, and 
Wherein said cell read-out controlling section is a section that 
selects the cells to be sent in order of the cell of said CBT 
class, the conforming cell, and the non-conforming cell. 
As described, said cell read-out controlling section can be 

con?gured in the premise that: in the event that either the 
conforming cell or the non-conforming cell Was included in 
the received CBR class, said CBR class is selected; in the 
event that said CBR class is a class that includes the conform 
ing cell, one is subtracted from the conforming cell number; 
and in the event that said CBR class is a class that includes the 
non-conforming cell, one is subtracted from the non-con 
forming cell number. 

The virtual output queuing controlling device relating to 
this claim is characterized in that bandWidth determination is 
made for the CBR tra?ic in a similar manner to the other 
classes to read out all cells of the CBR class as a ?rst priority 
at the moment of receiving the connection permission. 

In the virtual output queuing controlling device relating to 
this claim, as shoWn in the class selection algorithm (FIG. 7) 
in the super cell read-out controlling section of the virtual 
output queuing controlling section by output ports relating to 
a third embodiment to be described later, a ?rst priority Was 
given to cell selection of conforming cell count portion from 
the CBR class. 
As a result of having combined the con?guration and the 

operation (FIG. 6 and FIG. 12) of the virtual output queuing 
controlling section by output ports relating to the third 
embodiment to be described later, and the class selection 
algorithm (FIG. 7) in the super cell read-out controlling sec 
tion, a selection priority of the CBR traf?c cell Within the 
input interface section becomes high. The effect is obtained: 
While bandWidth guarantee is made for the CBR traf?c, 
transfer process time becomes shortest among the classes 
Within the input interface section. 

Or, as described, said cell read-out controlling section also 
can be con?gured in the premise that: in the event that the 
conforming cell Was included in the received CBR class, said 
CBR class is selected; and one is subtracted from the count 
number of the conforming cell in the said CBR class. 

In the virtual output queuing controlling device relating to 
this claim, it is characterized that bandWidth determination is 
made for the CBR tra?ic in a similar manner to the other 
classes to read out all cells of the CBR class as a ?rst priority 
at the moment of receiving the connection permission. 

In the virtual output queuing controlling device relating to 
this claim, as shoWn in the class selection algorithm (FIG. 8) 
in the super cell read-out controlling section of the virtual 
output queuing controlling section by output ports relating to 
a fourth embodiment to be described later, a ?rst priority Was 
given to cell selection of conforming cell count portion from 
the CBR class. 
As a result of having combined the con?guration and the 

operation (FIG. 6 and FIG. 12) of the virtual output queuing 
controlling section by output ports relating to the fourth 
embodiment to be described later, and the class selection 
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10 
algorithm (FIG. 8) in the super cell read-out controlling sec 
tion, a selection priority of the CBR tra?ic cell Within the 
input interface section becomes high. The effect is obtained: 
While bandWidth guarantee is made for the CBR traf?c, 
transfer process time becomes shortest among the classes 
Within the input interface section. 

Further, the present invention provides, a virtual output 
queuing controlling device in a input buffering sWitch With a 
virtual output queuing technique, said virtual output queuing 
controlling device comprising at least: a specialiZed class for 
a CBR traf?c; and a connection request generation section 
that makes connection request for a sWitch scheduler that can 
execute three-step priority control, characteriZed in that said 
connection request generation section is a section that makes 
connection request of said specialiZed class for the CBR 
traf?c prior to connection request of the other classes for said 
sWitch scheduler. 

Also, the present invention provides, a virtual output queu 
ing controlling device in a input buffering sWitch With a 
virtual output queuing technique, said virtual output queuing 
controlling device comprising at least: a ?rst specialiZed class 
for the CBR traf?c; a second class for the other traf?cs than 
the CBR traf?c; a cell read-out controlling section that reads 
out the cells from each of said classes; and 

a connection request generation section that makes connec 
tion request for a sWitch scheduler that can execute tWo-step 
priority control, characterized in that, When said connection 
request generation section received connection request from 
said sWitch scheduler, said cell read-out controlling section is 
a section that reads out the cells from said ?rst class prior to 
said second class. 

As described, this virtual output queuing controlling 
device further can comprise: a ?rst counter that measures the 
cell number in said ?rst class; and a second counter that 
measures the cell number in said second class, and in this 
event, said connection request generation section can be con 
?gured in the premise that connection request is made for said 
sWitch scheduler, responding to the cell number that said ?rst 
counter and said second counter measured. 

As described, said cell read-out controlling section can be 
con?gured in the premise that: bandWidth determination is 
made for both of said ?rst class and said second class; and 
responding to its result, the cells are read out from said ?rst 
class When said connection permission Was received. 

The present invention provides, a controlling method of a 
virtual output queuing controlling device comprising: a ?rst 
step of allocating received class information of each cell to 
one of a plurality of class bandWidth management sections; a 
second step of measuring the cell number of a CBR class; a 
third step of, based on the received class information, deter 
mining conformance or non-conformance cell by cell to mea 
sure the conforming cell number and the non-conforming cell 
number by classes; a fourth step of, based on said cell number 
of the CBR class, the total number of the conforming cell of 
each class, and the total number of the non-conforming cell of 
each class, generating connection request to a sWitch sched 
uler; and a ?fth step of, based on the conforming cell number 
and the non-conforming cell number in said CBR class band 
Width management section and each of said class bandWidth 
management sections, deciding Which cells are to be read out 
When connection permission Was received from said sWitch 
scheduler. 

As described, said ?fth step can be con?gured in the 
premise that, in the event that either of the conforming cell or 
the non-conforming cell Was included in the received CBR 
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class, it comprises the steps of: selecting said CBR class; and 
subtracting one from the count number of the conforming cell 
number in said CBR class. 
As described, said fourth step can be con?gured in the 

premise that it comprises the steps of: in the event that said 
CBR class Was received, adding the cell number of said CBR 
class; in the event that the cell number of said CBR class 
exceeded a predetermined value, notifying connection 
request With a ?rst priority to said sWitch scheduler; and 
subtracting only said predetermined value from the cell num 
ber of said CBR class. 
As described, said third step can be con?gured in the 

premise that it comprises the step of, in the event that the said 
CBR class Was not received, and yet that a remaining credit of 
a guaranteed bandWidth portion is one or more, adding the 
conforming cell number and the total number of the conform 
ing cell in its class, and 

said fourth step can be con?gured in the premise that, in the 
event that said total conforming cell number exceeded a pre 
determined value, it comprises the steps of: notifying connec 
tion request With a second priority to said sWitch scheduler; 
and subtracting only said predetermined value from said total 
conforming cell number. 
As described, said third step can be con?gured in the 

premise that, in the event that the said CBR class Was not 
received, and yet that a remaining credit of a guaranteed 
bandWidth portion is beloW one, it comprises the step of 
adding the non-conforming cell number and the total number 
of the non-conforming cell in its class, and said fourth step 
can be con?gured in the premise that, in the event that said 
total non-conforming cell number exceeded a predetermined 
value, it comprises the steps of: notifying connection request 
With a third priority to said sWitch scheduler; and subtracting 
only said predetermined value from said total non-conform 
ing cell number. 

For example, in said ?fth step, as described in claim 30, the 
cells to be sent are selected in order of the cell of said CBR 
class, the conforming cell and the non-conforming cell. 

The present invention provides, a controlling method of a 
virtual output queuing controlling device comprising: a ?rst 
step of allocating received class information of each cell to 
one of a plurality of class bandWidth management sections; a 
second step of measuring the cell number of a CBR class; a 
third step of, based on the received class information, deter 
mining conformance or non-conformance cell by cell to mea 
sure the conforming cell number and the non-conforming cell 
number by classes; a fourth step of, based on the total con 
forming cell number of said CBR class and each of said class 
bandWidth management sections, and the total non-conform 
ing cell number of each class, generating connection request 
to a sWitch scheduler; and a ?fth step of, based on the con 
forming cell number and the non-conforming cell number in 
said CBR class bandWidth management section and each of 
said class bandWidth management sections, deciding Which 
cells are to be read out When connection permission Was 
received from said sWitch scheduler. 
As described, said ?fth step can be con?gured in the 

premise that, in the event that either of the conforming cell or 
the non-conforming cell Was included in the received CBR 
class, it comprises the steps of: selecting said CBR class; and 
subtracting one from the count number of the conforming cell 
number in said CBR class. 
As described, said fourth step can be con?gured in the 

premise that it comprises the steps of: in the event that said 
CBR class Was received, adding the cell number of said CBR 
class; in the event that the cell number of said CBR class 
exceeded a predetermined value, notifying connection 
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12 
request With a ?rst priority to said sWitch scheduler; and 
subtracting only said predetermined value from the cell num 
ber of said CBR class. 
As described, said third step can be con?gured in the 

premise that, in the event that the said CBR class Was not 
received, and yet that a remaining credit of a guaranteed 
bandWidth portion is one or more, it comprises the step of 
adding the conforming cell number and the total number of 
the conforming cell in its class, and said fourth step can be 
con?gured in the premise that, in the event that said total 
conforming cell number exceeded a predetermined value, it 
comprises the steps of: notifying connection request With a 
?rst priority to said sWitch scheduler; and subtracting only 
said predetermined value from said total conforming cell 
number. 
As described, said third step can con?gured in the premise 

that, in the event that the said CBR class Was not received, and 
yet that a remaining credit of a guaranteed bandWidth portion 
is beloW one, it comprises the step of adding the non-con 
forming cell number and the total number of the non-con 
forming cell in its class, and said fourth step canbe con?gured 
in the premise that, in the event that said total non-conforming 
cell number exceeded a predetermined value, it comprises the 
steps of: notifying connection request With a second priority 
to said sWitch scheduler; and subtracting only said predeter 
mined value from said total non-conforming cell number. 

For example, in said ?fth step, the cells to be sent are 
selected in order of the cell of said CBR class, the conforming 
cell and the non-conforming cell. 
The present invention provides, a controlling method of the 

virtual output queuing controlling device comprising: a ?rst 
step of allocating received class information of each cell to 
one of a plurality of class bandWidth management sections; a 
second step of measuring the cell number of a CBR class; a 
third step of, based on the received class information, deter 
mining conformance or non-conformance cell by cell to mea 
sure the conforming cell number and the non-conforming cell 
number by classes; a fourth step of, based on the total number 
of the conforming cell and the total number of the non 
conforming cell of each class including said CBR class, gen 
erating connection request to a sWitch scheduler; and a ?fth 
step of, based on the conforming cell number and the non 
conforming cell number in said CBR class bandWidth man 
agement section and each of said class bandWidth manage 
ment sections, deciding Which cells are to be read out When 
connection permission Was received from said sWitch sched 
uler, Wherein, in said ?fth step, the cells to be sent are selected 
in order of the cell of said CBR class, the conforming cell and 
the non-conforming cell. 
As described said ?fth step can con?gured in the premise 

that it comprises the steps of: in the event that either of the 
conforming cell or the non-conforming cell Was included in 
the received CBR class, selecting said CBR class; in the event 
that said CBR class is a class that includes the conforming 
cell, subtracting one from the count number of the conform 
ing cell number; and in the event that said CBR class is a class 
that includes the non-conforming cell, subtracting one from 
the count number of the non-conforming cell number. 

Or, said ?fth step can con?gured in the premise that, in the 
event that the conforming cell Was included in the received 
CBR class, it comprises the steps of: selecting said CBR 
class; and subtracting one from the count number of the 
conforming cell number. 

Said fourth step can be con?gured in the premise that it 
comprises the step of: in the event that the said CBR class Was 
received, adding the cell number of said CBR class; in the 
event that the cell number of said CBR class exceeded a 


































